Abstract. Multiple images of quasars formed by gravitational lensing are typically seen through the lensing galaxy. The granulation of the galaxy in stars or other compact objects induces local ('microscopic') but strong fluctuations in the gravitational potential that subdivide each image in several micro-images changing the expected flux of the image (flux anomalies). This phenomenon, quasar microlensing, allows to study both the unresolved structure of the source and the composition of the lensing galaxy. We have applied a statistical analysis based on caustic crossing to the multiply imaged quasar QSO B2237+0305. The results indicate that the abundance of low-mass stars in the distribution of microlenses could be estimated with 10 years of monitoring.
INTRODUCTION
Fluctuations in the mean gravitational field of the lensing galaxy induced by the discretization of the galaxy mass distribution in stars may change the 'intrinsic' magnification of the images in a gravitational lens system. This phenomenon (microlensing, Chang & Refsdal 1979; Wambsganss 2006; Schmidt & Wambsganss 2010 ) opens a new field of research on the distribution of stars and other compact objects in the lensing galaxy. The microlensing effect also allows us to determine the size of the source at different wavelengths and the transverse velocity between the lens and the source.
A comparison between observed and simulated microlensing in AGNs allows us to obtain the information about physical parameters of interest. In this work we study how the existence of a range of masses in the distribution of stars affects to caustics concentration. We are also interested in studying the transverse velocity of the quasar. This quantity is difficult to measure and in many experimental studies the estimates of the parameters depend on it (e.g., see Kochanek 2004) . Obviously, the number of caustic crossings depends on the velocity of the quasar moving under the magnification map.
Simulating magnification maps for different values of physical parameters of interest we can try to calculate a probability that microlensing magnification takes the value determined from observations. This statistical analysis faces a problem: experimental errors and sources of variability other than microlensing can significantly affect the data and results. To solve this problem, we propose to simplify it reducing the microlens effect to a series of discrete events, the caustic crossings. If the source size is small enough each caustic crossing will appear as a single event. In addition, caustic crossings are events of high magnification (little affected by measurement errors) and they are difficult to mistake with other kind of variability.
The best real scenario for studying microlensing is the quadruple quasar, QSO B2237+0305. In Figure 1 we can see four images of the quasar through the bulge of the lensing galaxy. This implies that there are many stars involved in light deflection (probability of significant microlensing is ∼ 1). Then we are going to apply a statistical analysis of caustics concentration based on the caustic crossings to QSO B2237+0305. The theoretical results obtained in the simulations will be compared with the X-ray light curve of the images of QSO B2237+0305 obtained from the Chandra X-ray telescope by Zimmer et al. (2011) .
STATISTICAL ANALYSIS BASED ON CAUSTIC CROSSING COUNTS
The statistical analysis of the caustics spatial distribution is based on the following steps:
1. Generate magnification maps for different densities of matter, different mass distributions and shears. Magnification maps are the basic element to simulate microlensing phenomenology (the displacement of a source over the magnification map will give the microlensing light curve, and the histogram of the maps will give the probability density function of microlensing magnification).
2. Identify caustic curves. Caustic curves are regions of a very high (formally infinity) magnification gradient. When the source crosses a caustic curve, its magnification should become very high if the source is sufficiently small.
3. Count the number of caustics detected in an one-dimensional window of certain size in pixels for each axis.
4. Estimate the probability of detecting a caustic in a pixel for each axis. 5. Compare the experimental probability distributions obtained in simulations with the theoretical binomial probability distribution to study the deviations from randomness (caustic clustering).
6. Minimize:
to estimate the average mass, < M >, and the transversal velocity, V t .
We have used the method of Inverse Polygon Mapping described in Mediavilla et al. (2006) to carry out the two first steps. Several years of microlensing monitoring should be available to put in practice the last step (see Section 3).
APPLICATION TO QSO B2237+0305
We have simulated magnification and caustic maps for image D of QSO B2237 +0305. We have considered two extreme cases in the stellar mass distribution: stars distributed in a range of masses (from 0.01 to 1 solar mass with a 1 m density law; hypothesis I) and a simple distribution of identical stars of one solar mass (hypothesis II).
Convolving the magnification map with the Gaussian sources of different sizes we have studied the progressive blurring of caustics when the size of the source increases.
In Figure 2 we compare the profile of a source of the 0.1 light-day size with the profiles of sources with sizes of 0.5, 1, 2 and 5 light-days. Only in the case of the source of 0.1 light-day size we can detect the isolated caustic crossings. This implies that very compact sources (as the X-ray continuum emission source) should be considered to avoid confusion of caustics.
From the magnification maps we have counted the number of caustics detected in one-dimensional windows of the 4, 40, 200 and 400 pixels for each axis and calculated experimental and theoretical binomial probability distributions. From the comparison of both distributions ( Figure 3 ) the following results are obtained.
• The differences between probability distributions corresponding to each hypotesis are very significant. For example, on the X-axis the peak and the centroid are between 6 and 7 detections when stars are distributed in a range and they are in only one detection in the unimodal case, in the 400 pixel size window. In the 200 pixel size window the peak and centroid are in three detections when the stars are distributed in a range and they are at zero in the unimodal case. For the Y-axis, similar results have been obtained.
• From an experimental point of view, a single measure of the number of caustics detected in the window of 400 pixels would be sufficient to distinguish between the hypotheses I and II. Let us assume that the mean value of P on the Xaxis is 7 (the expected value for I) and that the error is ± 3. Then P (7±3|I) = 0.63 and P (7 ± 3|II) = 0.22. Applying the Bayes theorem and assuming that P (I) = P (II), we obtain P (I | 7) = 0.75 and P (II | 7) = 0.25. If we assume that the mean is 1 ± 1 (the expected value for II), P (1 ±1|I) = 0.63 and P (1 ±1|II) = 0.66, applying the Bayes theorem we obtain P (I | 1) = 0.07 and P (II | 1) = 0.93. Let us assume that the mean P on the Y-axis is 10 ± 3 (the expected value for I), P (10 ± 3|I) = 0.37 and P (10 ± 3|II) = 0.12, applying the Bayes theorem we obtain P (I | 10) = 0.76 and P (II | 10) = 0.24. If the mean were 2 ± 1 (the expected value for II), P (2 ± 1|I) = 0.12 and P (2 ± 1|II) = 0.38, applying the Bayes theorem we would obtain that P (I | 2) = 0.24 and P (II | 2) = 0.76.
• The possibility to solve the size / transversal velocity degeneracy depends on the case. For microlenses distributed in a range of masses, if the number of caustics detected in the X-axis is greater than 6, the window will be greater than 1.2 Einstein radii; if the number of caustics is less than 3, the window will be less than 1.2 Einstein radii. If the number of caustics detected in the Y-axis is greater than 9, the window will be greater than 1.2 Einstein radii; if the number of caustics is less than 3, the window will be less than 1.2 Einstein radii.
In principle, we could use the theoretical results obtained in the simulations to analyze the X-ray light curve of the four images of QSO B2237+0305 obtained from the data of Chandra from January 2006 to January 2007 by Zimmer et al. (2011) . However, although they found evidence of microlensing, they could not find any caustic crossing. This result is not significant to distinguish between hypotheses I and II. According to the simulations that we have done and to current estimates of the transverse velocity (Poindexter & Kochanek 2010a,b) , we would need observations during about ten years to distinguish between both hypotheses. 
CONCLUSIONS
We have applied a statistical analysis based on caustic crossings to the image D of the multiply imaged quasar QSO 2237+0305 obtaining the following results: (1) only the observation of small sources (size ∼ 0.1 light-days), like the X-ray continuum source, will allow the isolated detection of caustics; (2) caustic crossing statistics is significantly affected by the mass distribution of microlenses; (3) according to our simulations, the absence of caustic crossing detection in the X-ray light curves of the four images of QSO B2237+0305 obtained by Zimmer et al. (2011) is not enough significant to discuss the composition of the stellar mass distribution. We estimate that about ten years of observation are needed to estimate such parameters as the average mass of stars or the transversal velocity.
